Abstract Peel is a major by-product during processing of mango fruit into pulp. Recent report indicates that the whole peel powder ameliorated diabetes. In the present study, ethanolic extract of mango peel was analysed for its bioactive compounds, evaluated for α-amylase and α-glucosidase inhibitory properties, oral glucose tolerance test, antioxidant properties, plasma insulin level and biochemical parameters related to diabetes. In addition to gallic and protocatechuic acids, the extract also had chlorogenic and ferulic acids, which were not reported earlier in mango peel extracts. The peel extract inhibited α-amylase and α-glucosidase activities, with IC 50 values of 4.0 and 3.5 μg/ml. Ethanolic extract of peel showed better glucose utilization in oral glucose tolerance test. Treatment of streptozotocin-induced diabetic rats with the extract decreased fasting blood glucose, fructosamine and glycated hemoglobin levels, and increased plasma insulin level. Peel extract treatment decreased malondialdehyde level, but increased the activities of antioxidant enzymes significantly in liver and kidney compared to diabetic rats. These beneficial effects were comparable to metformin, but better than gallic acid treated diabetic rats. The beneficial effects of peel extract may be through different mechanism like increased plasma insulin levels, decreased oxidative stress and inhibition of carbohydrate hydrolyzing enzyme activities by its bioactive compounds. Thus, results suggest that the peel extract can be a potential source of nutraceutical or can be used in functional foods and this is the first report on antidiabetic properties of mango peel extract.
Introduction
Diabetes mellitus (DM) is a metabolic disorder that affected several million people worldwide. The number of people in the world with diabetes is projected to rise to 439 million by 2030 (Chen et al. 2012 ). There are two types of DM, type I and type II diabetes. Type I or insulin dependent diabetes is common in children and young adults, and is characterized by body's inability to produce enough insulin due to the destruction of β-cells in pancreas, which causes insulin deficiency. Type II or non-insulin dependent diabetes results from body's inability to respond to the action of insulin (Sutharson et al. 2003) . Increased oxidative stress reported to be a major factor for the development and progression of diabetes and its complications. Further, DM causes increased production of free radicals or impaired antioxidant defences (Baynes and Thorpe 1999; Saxena et al. 1993) . The excessive production of free radicals damage cellular proteins, membrane lipids and nucleic acids, and leads to cell death (Baynes 1991; Giugliano et al. 1996) . DM can be controlled by different approaches like scavenging of free radicals or improving the antioxidant enzyme activities. Another approach to control postprandial glucose levels could be by inhibition of intestinal α-glucosidase and pancreatic α-amylase (Kwon et al. 2007) .
Chemical hypoglycemic agents like acarbose, metformin, sulphonylurea and meglitinides are used to control DM. However, these drugs are reported to cause side effects such as increase in appetite and weight gain, increase in occurrence of cardiovascular risk, gastrointestinal disturbances, hypersensitivity reactions and abdominal pain, diarrhoea and severe hepatotoxicity (Feinglos and Bethel 1999; Sheehan 2003; Bastaki 2005; Kelle 1995; Stumvoll et al. 1995; Bolen et al. 2007; Carrascosa et al. 1997) . Therefore, there is a growing demand by diabetic patients to use natural products for the management of diabetes and its complications (Visnagri et al. 2014) . Generally, plant products are considered to be less toxic with fewer side effects than synthetic compounds. WHO (2002) also recommended rational use of traditional and natural indigenous medicines for the treatment of diabetes mellitus.
Phytochemicals ameliorate imbalanced glucose homeostasis in diabetes status by different mechanisms, such as inhibition of starch hydrolysing enzyme activities, stimulation of insulin secretion from the pancreatic β-cells, modulation of glucose release from liver, activation of insulin receptors and glucose uptake in the insulin-sensitive tissues, and modulation of hepatic glucose output (Iwai et al. 2006; Iwai 2008; Cabrera et al. 2006; Jung et al. 2007 ). Several studies suggest that diets rich in anti-oxidants ameliorate diabetes and its complications by scavenging free radicals and also by improving the antioxidant enzyme levels (Johansen et al. 2005) . Extracts of soy (Orgaard and Jensen 2008) , grape (Zunino 2009 ), apple (Boyer and Liu 2004) and several herbs (Hui et al. 2009 ) were reported to control diabetes in animal models.
Mango is one of the widely consumed tropical fruits in the world. Different parts of mango tree are shown to have medicinal properties (Guevara Garcia et al. 2004 ). The flour of fruit pulp, the extracts of fruit kernel, leaves and stem bark were reported to exhibit various health benefits. Mango pulp flour and leaf extracts of mango produced significant hypoglycemic effect in STZ-induced diabetic animals (Sharma et al. 1997; Aderibigbe et al. 1999; Perpetuo and Salgado 2003) . The aqueous extract of mango stem bark exhibited antiinflammatory and analgesic properties (Garrido et al. 2001) . These extracts of mango fruit pulp also showed immunomodulatory activity (Naveed et al. 2005) , antimutagenic property (Botting et al. 1999) , anticancer activity (Percival et al. 2006) .
During mango processing, peel is one of the major byproducts, which is being wasted. Earlier studies indicated that acetone extract of peel is a good source of antioxidants such as polyphenols, carotenoids, vitamin E and C, besides dietary fibre and the extract exhibited antioxidant properties (Ajila et al. 2007; Ajila and Prasada Rao 2008) . Hence, peel has potential to control diabetes and other diseases. Recently, it has been shown that whole mango peel powder ameliorates diabetes in streptozotocin-induced diabetic rats (Gondi et al. 2014) and also possesses antiproliferative properties of cancer cell lines (Kim et al. 2010) . As whole peel contains a variety of compounds including proteins, carbohydrates, minerals and dietary fibre apart from bioactive compounds, we have extracted the nutraceuticals with aqueous ethanol, which is generally recognized as safe compared to acetone, and investigated the effect of ethanol extract on inhibition of α-amylase and α-glucosidase activities, and amelioration of diabetes in STZinduced diabetic rats.
Materials and methods

Plant material
Freshly processed Badami variety mango peel was collected (single batch) from Global Industries company, mango processing industry, washed with water and the underlying pulp from the peel was removed using a knife. Cleaned peel was spread in trays and dried at 45±2°C using a cross flow drier (Model PTD-48E, Premium Industries Ltd., Ahmadabad, India).
Preparation of extract
The mango peel powder was extracted with 80 % ethanol, extract obtained was filtered through Whatman No.1 filter paper, filtrate obtained was concentrated under reduced pressure using a rotator evaporator at 40°C, and was lyophilized. The lyophilized powder was stored at 4°C until further use. The peel extract powder was dissolved in distilled water and used for the in vitro and in vivo studies.
Determination of bioactive compounds and antioxidant activity of the peel extract Peel extract powder was dissolved in 80 % ethanol and subjected for the determination of various bioactive compounds and antioxidant activity. Total polyphenol content was assayed according to the method of Singleton and Rossi (1965) using gallic acid as a standard. Total carotenoid content in 80 % mango peel ethanol extract was estimated using colorimetric method reported by Lichtenthaler (1987) . Anthocyanin content in 80 % mango peel ethanol extract was determined by using the method described by Wolfe et al. (2003) . Flavonoid content in 80 % mango peel ethanol extract was estimated by the method of Xu and Chang (2007) . Antioxidant activity of the 80 % mango peel ethanol extract was determined using DPPH radical scavenging method (Brand-Williams et al. 1995) as well as reducing power assay (Yen and Chen 1995) . Free phenolic acids were identified in 80 % mango peel ethanol extract using appropriate standards using RP-HPLC (Girish et al. 2012 ).
α-Amylase and α-glucosidase inhibitory properties of ethanolic extract of mango peel
The α-amylase and α-glucosidase inhibitory effect of mango peel extract was determined according to the method described by Kim et al. (2000) . The α-amylase inhibitory assay was performed with slight modification. α-Amylase solution (1 unit ml −1 ) was mixed with extract at different concentrations, incubated for 15 min and 180 μl of 1 % starch solution in 20 mM sodium phosphate buffer (pH 6.9) was added to start the reaction. The reaction was carried out at room temperature for 5 min. The reaction was terminated by the addition of 500 μl of the DNS reagent, placed in a boiling water bath for 15 min, cooled to room temperature and absorbance was measured at 540 nm using a UV-visible spectrophotometer. The α-glucosidase enzyme inhibition assay reaction mixture contained 50 μl of p-nitrophenyl-α-D-glucopyranoside (10 mg in 2 ml phosphate buffer), different concentrations of extract (inhibitor; 10 μl) and the reaction mixture was made up to 2.98 ml with phosphate buffer (pH 6.8; 50 mM). The reaction was initiated by adding 20 μl of α-glucosidase enzyme (2 mg in 1 ml of phosphate buffer; 5.7 U/mg). The reaction was monitored by increase in absorption at 405 nm. The IC 50 value was defined as the concentration of inhibitor required to inhibit 50 % of the enzyme activity. For all tests, inhibition assay was performed in triplicate.
Oral glucose tolerance test (OGTT)
Oral glucose tolerance test was performed using overnight (16 h) starved normal albino Wistar rats. The rats were randomly divided into six groups (n=6). Initially the rats were administered with mango peel extract or metformin or gallic acid at different concentration as shown below and after 30 min, all the animals were further administered with glucose [2 g/kg body weight (b.w.)] (Bonner-weir 1988). Blood was withdrawn from the tail vein at 0, 30, 60, 90,120 and 150 min. Blood glucose levels were evaluated by the GOD-POD kit. Water was used as a vehicle as all the samples were dissolved in water. 
Induction of diabetes
The study had the approval of the CFTRI Animal Ethical Committee. Diabetes was induced in the overnight fasted male albino Wistar rats by a single intraperitoneal injection (i.p.) of streptozotocin (45 mg/kg body weight) dissolved in 0.1 M citrate buffer (pH 4.5). Normal rats received only citrate buffer as vehicle. After 3 days of induction of diabetes using STZ, blood samples were collected from the retro-orbital plexus of the rat eyes and plasma glucose levels were determined. The animals confirmed diabetic by the elevated plasma glucose levels (200 mg/dl) were used for the study. The rats were divided into seven groups with six rats in each group. Rats were administered with respective sample using intragastric tube, once a day for 60 days, continuously as described below ( 
Determination of basic diabetic parameters
Diabetic parameters like fasting blood sugar, urine volume and urine sugar were determined in control, diabetic and mango peel extract administered diabetic rats. Urine sugar was measured by 3,5-dinitrosalicylic acid method as described by Miller (1959) . At the end of the experiment, blood was drawn by sacrificing the rats under mild ether anesthesia. Blood sugar was measured by glucose oxidase/peroxidase (GOD/POD) method using commercially available kit. Albumin in urine was measured by using Albumin Blue 580 reagent (Kessler et al. 1997) . Creatinine was estimated in urine and serum by Jaffes method described by Bowers (1980) . Glomerular filtration rate (GFR) was determined after estimating creatinine levels in urine and serum using the formula given by Yokozawa et al. (1996) . Fructosamine assay was carried out by the method described by Roger (1982) . Lipid peroxides were assayed by measuring the malondialdehyde (MDA) concentration as thiobarbituric acid reactive substances (TBARS) according to the method described earlier (Ohkawa et al. 1979 ).
Determination of antioxidant enzyme activities
The tissues (liver and kidney) were homogenized in phosphate buffer (100 mM, pH 7.4) at 1:10 (1 g in 10 ml) ratio. The homogenate was centrifuged at 4°C for 10 min at 10,000g and the supernatant obtained was used for analysis of superoxide dismutase (McCord and Fridovich 1969) , catalase (Luck 1965) , glutathione peroxidase (Flohe et al. 1984 ) and glutathione-S-transferase (Habig and Jacoby 1981) .
Statistical analysis
All observations and calculations were made separately. Values were presented as mean ± SD of n=6 rats in all groups. Statistical analysis of data was performed using one-way analysis of variance (ANOVA) with a Tukey's multiple comparison post-test and significance at *P<0.05, **P<0.01 and ***P<0.001.
Results and discussion
Bioactive compounds and antioxidant properties of ethanol extract Aqueous methanol, acetone or ethanol was commonly used solvent for the extraction of bioactive compounds form different plant tissues. Of these solvents, ethanol is less toxic compared to the other solvents (Shi et al. 2005) . As the major objective of the present study was to use the mango peel extract to treat the diabetic rats, aqueous ethanol was used for the extraction of bioactive compounds from the peel. The peel ethanol extract showed phenolic compounds, carotenoids, flavonoids and anthocyanins (Table 1) . The peel extract was tested for its antioxidant properties using two different assays viz., DPPH radical scavenging activity and reducing power assay. Peel extract showed EC 50 value of 4 μg GAE by DPPH radical scavenging method and is comparable to that of synthetic BHA (4.0 μg GAE). The extract showed better reducing power activity compared to BHA. For example, at a dose of 5 μg GAE, the absorption at 700 nm was found to be 0.412 for peel extract, while it was 0.189 for BHA. Gallic, protocatechuic, chlorogenic and ferulic acids were the phenolic acids identified in the peel ethanol extract by RP-HPLC. Gallic acid was found to be the major phenolic acid found in the mango peel ethanol extract (Table 1 ; Fig. 1 ). Recently, we have reported the presence of gallic, protocatechuic, and gentisic acids in the acetone extract of mango peel (Gondi et al. 2014) . In the present study, we found the presence of ferulic acid and chlorogenic acid, which were not reported earlier in acetone extract of mango peel. The differences noticed in the present study compared to the earlier study may be due to the differences in the extractability of aqueous acetone and aqueous ethanol as their polarities are different, or due to the changes in agro-climatic conditions. Chlorogenic acid was described as a potential antidiabetic agent. It exerts its antidiabetic effects by attenuating intestinal glucose absorption (Bassoli et al. 2008) . Gallic acid from Terminalia bellerica was reported to stimulate insulin secretion (insulin secretagogue) (Latha and Daisy 2011) . Ferulic acid, as low as 0.01 % level in the basal diet, supressed blood glucose levels significantly in STZ-induced diabetic mice. Gallic acid and protocatechuic acid are reported to exhibit higher antioxidant activities compared to the most of the phenolic acids reported in the literature (Palafox-Carlos et al. 2012) . Thus, it appears that ethanol extract of peel contains antidiabetic compounds which may exert antidiabetic compounds through different mechanisms.
Therefore, we have studied the antidiabetic properties of the ethanol extract by different mechanism such as i) in vitro carbohydrate hydrolysing enzyme inhibition which are involved at the small intestine ii) in vivo antidiabetic parameters as well as secretion of insulin and glucose tolerance test. As gallic acid is the major phenolic acid identified in mango peel extract, we used commercial gallic acid at 10 mg/kg body weight as well as metformin for comparison.
α-Amylase and α-glucosidase inhibition by mango peel extract Diet containing high content of α-amylase and α-glucosidase inhibitors is one of the approaches to control postprandial glucose level. These enzyme inhibitors lower the rate of glucose absorption through delayed carbohydrate digestion and extended digestion time. As synthetic inhibitors exhibit side effects, inhibitors from plant sources offer an attractive therapeutic approach. Therefore, In vitro antidiabetic property of the extract was examined by determining the inhibition of α-amylase and α-glucosidase activities by the peel extract. The percentage inhibition of α-amylase was increased with an increase in peel extract concentration in a dose dependent manner (Fig. 2a) and the extracts showed 50 % of enzyme inhibition (IC 50 ) at 4 μg/ml. The inhibition of α-glucosidase was also exhibited by the peel extract in a dose dependent manner (Fig. 2b) . The extract showed α-glucosidase IC 50 value of 3.5 μg/ml. The results suggest that the inhibitory potential of α-glucosidase was much higher than α-amylase.
The IC 50 values obtained in the present study, with mango peel extract are much lower than some of the reported values for other plant extracts including mango kernel. For example, seed extracts of mango (Mangifera indica) and Mucuna urens, the IC 50 values for α-amylase were 0.71 and 1.13 mg/ml and for α-glucosidase were 0.34 and 0.52 mg/ml, respectively (Irondi et al. 2014) , while for methanol extract of Citrus macroptera fruit had IC 50 value of 3.68 mg/ml for α-amylase enzymes activity (Uddin et al. 2014) . The low IC 50 value for mango peel extract may be due to the presence of mangiferin and their derivatives, in addition to other phenolic acids, flavonoids and carotenoids like gallic, eallagic, protocatecuic acids, quercitin, rutin, ß-carotene etc (Ajila et al. 2010) . One of the characteristic features of mango peel is that it contains mangiferin, which has many beneficial biological activities, including antidiabetic effect in diabetic rats (Sellamuthu et al. 2012 ). The inhibitory potential varies depending on the structural aspects of the phenolic acids, flavonoids and anthocyanins, and the inhibition potential by the compounds also varies depending on the source of enzyme (Tadera et al. 2006) . Earlier reports indicate some of the phenolic acids like gallic acid, chlorogenic acid and ferulic acid, which are identified in mango peel ethanol extract, were shown to inhibit α-amylase and α-glucosidase activities. It has been reported that the gallic acid can competitively inhibit α-glucosidase by concentration dependent manner with IC 50 value of 1.16 mM (Wan et al. 2012) . Chlorogenic acid was reported to inhibit the α-amylase with an IC 50 value of 9.10 μg/ml and α-glucosidase activity with an IC 50 value of 9.24 μg/ml. . Ferulic acid was also reported to inhibit intestinal α-glucosidase enzyme activity with an IC 50 value of 0.45 mM (Adisakwattana et al. 2009 ).
Effect of mango peel extract on oral glucose tolerance
The oral glucose tolerance experiment indicates the body's ability to utilize glucose. The effect of different doses of mango peel extracts on glucose tolerance was evaluated by measuring the blood glucose level at different time points of 30, 60, 90, 120 and 150 min after glucose challenge. Different doses of peel extracts, 100, 150 and 200 mg/kg body weight, showed significant reduction in glucose levels (P<0.001) 15, 23 and 26 %, respectively compared to control (Table 2) . Gallic acid (10 mg/kg) and metformin reduced the blood 
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Concentration (µg/ml) α-Glucosidase % Fig. 2 The percentage inhibition of a α-amylase activity; b α-glucosidase activity by mango peel ethanol extract glucose levels by 13 and 29 %, respectively compared to control group. In all the treated groups, the reduction in blood glucose level was observed higher at 150 min. The results suggest that increased levels of glucose tolerance may be due to increased secretion of insulin. These results suggest that the ethanol extract of peel possess hypoglycemic effect.
Changes in diabetic parameters
Effect of different doses of mango peel extracts, gallic acid and metformin on the urine sugar, urine volume and body weight in STZ induced diabetic rats is shown in Table 3 . At the end of 60 days treatment, STZ induced diabetic rats showed increase in urine sugar and urine volume when compared to normal rats. However, different doses of mango peel extracts, gallic acid and metformin treated diabetic rats showed significant decrease (P<0.001) in urine sugar and urine volume levels, when compared to diabetic control rats. Body weight of normal rats increased and was 205 g at the end of the experiment. Diabetic control group continued to lose weight till the end of the study. Metformin, gallic acid and different doses of mango peel extract (100, 150 and 200 mg/kg) showed a significantly higher (P<0.001) body weight compared to the diabetic control rats.
Effect of mango peel extract on the levels of fructosamine and glycated hemoglobin
Fructosamine and glycated hemoglobin are nonenzymatically glycated proteins and are frequently used marker glycated proteins for monitoring diabetic status. Fructosamine levels increased in STZ-induced diabetic rats compared to normal group (Table 3 ). Upon oral administration of different doses of mango peel extract as well as gallic acid and metformin, fructosamine levels in treated diabetic rats was significantly decreased. Effect of different doses of mango peel extracts on glycated hemoglobin (HbA 1C ) is presented in Table 3 . In STZ induced diabetic rats, there was a significant increase in the levels of HbA 1C compared to normal rats.
In diabetic patients the incidence of myocardial infraction doubles as HbA 1C levels increase from 5 to 10 % (Stratton et al. 2000) . Oral administration of different doses of mango peel extract, significantly decreased (P<0.001) the level of glycated hemoglobin. Among all the doses of mango peel extracts, 200 mg/kg body weight was more effective in decreasing the levels of fructosamine and HbA 1C .
Effect of mango peel extract on plasma insulin and fasting blood glucose
Insulin is the most important factor in the regulation of plasma glucose homeostasis. In STZ induced diabetic rats, there was a significant decrease (P<0.001) in the level of plasma insulin compared to normal rats. Oral administration of different doses of mango peel extracts, significantly increased (P<0.001) the level of plasma insulin. Among all the doses of mango peel extracts, 200 mg/kg body weight was more effective in increasing the level of plasma insulin (Table 3) . Administration of different doses of peel extracts such as 100, 150 and 200 mg/kg body weight, to STZ-induced diabetic rats resulted in significant (P<0.001) decline in blood glucose levels in a dose dependent manner by 49, 59 and 66 %, respectively. On the other hand, metformin treatment showed 67 % decrease in blood glucose level, while gallic acid treatment decreased only 51 % compared to diabetic control group (Fig. 3) . Mango peel extract at a dose of 200 mg/kg body weight ameliorated blood glucose level to the best, in STZ induced diabetic rats, when compared to the other group of rats received different doses of mango peel extract and it is comparable to metformin. Metformin is widely used drug for type 2 diabetes and it decreases blood glucose levels by making body cell more sensitive to insulin. However, It has been proposed that metformin decreases the blood glucose levels in STZ-induced diabetic rats via an increase of endorphin secretion from adrenal glands to stimulate opioid receptor linkage, which leads to an increase of GLUT-4 gene expression and an attenuation of hepatic phosphoenolpyruvate carboxykinase (PEPCK) gene expression (Cheng et al. 2006 ). It also activates 5′AMP-activated protein kinase (AMPK) in hepatocytes, thereby reduces the activity of acetyl-CoA carboxylase and lowers expression of a lipogenic transcription factor as well as inhibiting hepatic gluconeogenesis (Zhou et al. 2001; Lochhead et al. 2000) .
Effect of mango peel extract on microalbunuria and glomular filtration rate (GFR)
The microalbunuria level was significantly higher in STZinduced diabetic rats when compared to normal rats. Diabetic rats that have received mango peel extracts, gallic acid and metformin showed significant decline (P<0.001) in the microalbunuria and at the dose of 200 mg/kg, the value was lowest among the diabetic rats (Table 3) . Upon administration of different doses of mango peel extracts (100, 150 and 200 mg/kg) and gallic acid and metformin, decrease in the levels of GFR was observed in treated diabetic rats compared to diabetic control rats. Maximum beneficial effect on GFR in STZ induced treated diabetic rats was observed in diabetic rats treated with mango peel extract at a dose of 200 mg/kg body weight (Table 3) .
Effect of mango peel extract on liver antioxidant enzymes and lipid peroxidation
In STZ induced diabetic rats, we observed a significant decrease (P<0.001) in the activities of liver antioxidant enzymes, viz., catalase (CAT), superoxide dismutase (SOD), glutathione peroxidase (GPx), glutathione-S-transferase (GST) and increase in the MDA (malonaldehyde) levels (Table 4) . Upon treatment of diabetic rats with metformin, gallic acid and different doses of mango peel extracts, significant increase (p<0.001) in the CAT, SOD, GPx and GST The results suggest that metformin, gallic acid and all the doses of mango peel extracts increased the enzyme activities of CAT, SOD, GPx and GST, but mango peel extract at a dosage of 200 mg/kg was more effective in increasing the antioxidant enzyme activities in diabetic rats, compared with other doses of mango peel extract. It has been reported that metformin exert its in vivo antioxidant activity by different pathways such as increasing the antioxidant enzyme activities, and decreasing the markers of lipid peroxidation (Tessier et al. 1999; Pavlovic et al. 2000; Tanaka et al. 1999) . Earlier reports also indicate that metformin reduces the oxidative stress in STZ-induced diabetic animal models (Alhaider et al. 2011 ).
Effect of mango peel extract on kidney antioxidant enzymes and lipid peroxidation
The activities of antioxidant enzymes, CAT, SOD, GPx, GST were significantly decreased (P<0.001) in diabetic control group and MDA levels were significantly increased (Table 5) . Diabetic rats treated with metformin, gallic acid and different doses of mango peel extracts (100, 150 and 200 mg/kg) showed significant increase (P<0.001) in enzyme activity levels of CAT, SOD, GPx and GST and decrease in the MDA levels. Thus, the results suggest that metformin, gallic acid and all the doses of mango peel extract showed an increase in the level of CAT, SOD, GPx and GST, however, mango peel extract at a dosage of 200 mg/kg body weight was more effective in increasing the antioxidant enzyme activities in diabetic rats compared to other doses of mango peel extract.
Increased lipid peroxide concentration (MDA levels) was observed in liver and kidney of STZ induced diabetic rats, which may be due to increased free radicals and due to the depletion of antioxidant scavenger systems. SOD plays a pivotal role in oxygen defence metabolism by intercepting and reducing superoxide to hydrogen peroxide, which is easily reduced to water by CAT and GPx in mammals. Therefore, the free radical scavenging activity of SOD is effective, only when it is followed by the increase in CAT or GPx activity. Mango peel extract might have played a role in the recovery from diabetic condition possibly by scavenging free radicals and improving the antioxidant enzyme activities. 
Conclusions
The present study reveals that mango peel extract has ability to ameliorate diabetes. The peel extract may protect both type 1 and type 2 diabetes and its complication by decreasing the glucose release by inhibition of carbohydrate hydrolysing enzymes, its absorption by the small intestine, through increased levels of plasma insulin, improved antioxidative status, protection against LPO. Peel extract is rich in phenolic acids, flavonoids and carotenoids, and these compounds may provide a protective effect against hyperglycemia-induced chronic diseases due to their antioxidant properties and inhibition of starch digestion by inhibiting its digestive enzyme activities. The present study demonstrates that the mango peel ethanol extract, which is rich in bioactive compounds, has the ability to ameliorate diabetes and its complications. Several studies reported that natural products obtained from plants are safe. However, some herbal extracts exhibit side effects due to active ingredients, contaminants, or interactions with drug (Bent 2008) . Mango peel is an edible part of the fruit and can be consumed along with the fruit. Whole peel can be supplemented with food products to improve the health benefits and peel extract can be used as nutraceutical.
